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orifice guarded by a valve. This entity has been classified by Greenwold3 according to the size of the right ventricle. When a diminutive right ventricular chamber and thick ventricular wall are present, the condition is referred to as type 1, whereas when the ventricular cavity is normal or large the condition is designated as type II. Since, without operative intervention, the anomaly leads inevitably to death at an early age,4 attempts at surgery have been undertaken in several centers but with universally poor results. [4] [5] [6] [7] [8] In pulmonary stenosis with intact ventricular septum, although the pulmonary orifice is severely obstructed, there is always a distinct opening in the valve. Two ventricles are present, and there is a patent tricuspid valve. It should be emphasized that whereas older children and adults who undergo pulmonary valvotomy may have moderate, severe, or critical obstruction, no infant in our institution is subjected to surgery unless the stenosis is considered to be critical. Although these infants without surgery are likely to succumb early, survival time is considerably longer than that of infants wvith pulmonary atresia. 4 Surgical intervention for pulmonic stenosis, although hazardous, has met with considerably greater success than tI for pulmonary atresia.9-1-Methods Thirty-four patients (16 males and 18 females) representing all of the infants who underwent cardiac surgery at this inistitution for pulmonary atresia (15) or stenosis (19) with intact ventricular septum from January 1953 to July 1, 1965 , were included in the study. In 13 of the 15 infants with pulmonary atresia it was classified as type I and in two as tvpe II. All but one patient with pulmonic stenosis had a normal or large right ventricular cavity diagnosed by angiography, surgery, or autopsy. The age distribution at the time of operation is presented in figure 1 .
Histories, physical examinations, chest x-rays, and 12-lead electrocardiograms were available for all patients. The criteria utilized for the electrocardiographic diagnosis of ventricular and atrial hypertrophy were those defined by Nadas.'
Preoperative cardiac catheterization was carried ouit on 18 of 19 patients with pulmonic stenosis and 11 of 15 with pulmonary atresia. The five other infants were judged to be too ill to undergo catheterization, and surgery was performed on the basis of clinical evaluation. The diagnosis was confirmed in all instances either by selective right ventricular angiography or at postmortem examination. Autopsy was available on 17 of the 18 patients who succumbed.
The patients with pulmonic stenosis and pulmonary atresia operated on in the hyperbaric chamber were subjected to oxygen ventilation at an environmental pressure of 30 to 40 pounds per square inch. Following stabilization at the working pressure, aortic blood samples were analyzed, and 22 to 60 mm Hg increments in oxygen tension were noted13 before the operative procedures were undertaken.
Postoperative physical examinations, electrocardiograms, and x-rays were available on 12 of 16 surviving patients (11 with pulmonic stenosis and one with pulmonary atresia). One patient was lost to follow-up and for three patients (two with pulmonic stenosis and one with pulmonary atresia), insufficient time has elapsed since surgery to allow definitive evaluation. patients with pulmonary atresia (fig. 3 ). The remaining infants had grade 2 to 3 murmurs, presumably due to the presence of tricuspid regurgitation.'2 In three instances, the murmur was continuous, and this was thought to indicate a patent ductus arteriosus. Pulmonic closure sound was absent in all of the patients.
After surgery, the one infant with an adequate follow-up had complete regression of all cardiac signs and symptoms and has had a normal growth and development.
Ptlmonic Stenosis. The patients with pulmonic stenosis tended to develop their symptoms at a later age ( fig. 1 ). The only difference in symptomatology in these infants from those in the pulmonary atresia group was the rarity of anoxic spells ( fig. 2 ).
The patients with pulmonic stenosis had more intense systolic murmurs at the left upper sternal border ( fig. 3) 
Pathology
Postmortem examination was carried out in 12 of 13 fatal cases of pulmonary atresia and in all five cases of valvar pulmonic stenosis. Autopsy protocols were analyzed in each instance and in 10 of the cases of pulmonary atresia the heart specimens were reviewed by one of the authors (W. M. G.).
Pulmonary Atresia
The cardiac findings in the infants with pulmonary atresia are presented in table 4. The size of the tricuspid orifice, right ventricular cavity, and main pulmonary artery was variable, and the right heart did not necessarily fall into either the "hypoplastic" or the "dilated" category. Instead there was a spectrum of right ventricular cavity size as well as variation in the degree of tricuspid stenosis. In two instances, however, the right ventricular chamber was sufficiently large to be considered characteristic of type IL pulmonary atresia. The usual marked hypertrophy of the right ventricular wall was present in every case, and the opening in the atrial septum, ususally a patent foramen ovale, was wide in all but one instance.
Pulmonic Stenosis
In each of the five patients with pulmonic stenosis who came to postmortem examination, the pulmonary orifice was critically obstructed. In two cases, significant right ventricular endocardial fibroelastosis was present and in three the right ventricular cavity was considered to be decreased in size. The tricuspid valves were normal in structure, but thickened in two instances. Examination of the atrial septum revealed a dilated patent foramen ovale in every specimen. systemic-pulmonary arterial shunt seems to be the only second choice at the present time. A combination of a shunt between the aorta and the right pulmonary artery, with creation of an atrial defect, seems a promising approach. 10 Critical pulmonic stenosis in infants leads to death at a young age.4 Mortality is related to anoxia and right ventricular failure, and as with pulmonary atresia, but with more hope of success, the aim of surgery must be to increase pulmonary blood flow as well as to decompress the right ventricle. There is general agreement, therefore, that pulmonary valvotomy, either transventricular or transarterial, is the best surgical approach in infants with severe pulmonic stenosis. Results, however, have been variable and published series small. 4 8 22 In the present series, Brock (transventricular) procedures were done in all instances, with open transpulmonary valvotomy carried out (in addition) in two of the six hyperbaric cases. Direct valvotomy was delayed until the pulmonary orifice had been enlarged sufficiently (by a Brock procedure) to insure good heart action and prevent severe arterial desaturation and subsequent cardiac arrest. In many instances, under normobaric conditions, hypoxic arrest occurred as the pericardium was opened. Successful resuscitation was accomplished after valvotomy in most cases, but this type of exitus still accounted for the majority of deaths in patients operated upon under normal atmospheric presures in this series (four of five). Since no infant who undervent hyperbaric surgery died, the improvement in myocardial oxygenation obtained seems to be a definite advantage of this technique. Other factors which may account for success in both survival and long-term results in the hyperbaric groups include: (1) a prolongation of inflow occlusion time at body temperature of 35 *Since completion of this paper, this approach has been attempted in three infants, with success in two.
Discussion
Circulation, Volume XXXV. April 1967 to 37 C; and (2) strict attention to the acidbase status of the patient, both during operation and in the critical early postoperative period. If possible, surgery should be carried out in infants with pulmonic stenosis before the onset of congestive heart failure. In this series, four of five deaths occurred among the nine patients who were in cardiac failure at the time of operation. However, if congestive heart failure is present and if clinical judgment indicates that there is time for medical maneuvers, decongestive measures must be applied vigorously. An occasional infant may have to be treated as a surgical emergency, the diagnosis being based on clinical evaluation only.
Surgical results with this lesion are encouraging, even in the presence of severe obstruction. Mirowski and associates22 found that incomplete relief of pulmonic stenosis is more likely in the more severe cases, but in the present study, this was not true. Engle and associates23 also did not relate poor longterm results to severity of stenosis in a large group of infants and children.
A crucial question in any infant with pulmonic stenosis as well as pulmonary atresia is whether there is an associated ventricular septal defect. Cardiac catheterization must be particularly oriented toward ruling out this possibility, because if a ventricular septal defect is present, we would much prefer to perform a systemic-pulmonary artery (Blalock) shunt and plan complete repair at a later date. 
